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(57) ABSTRACT

A main object of the present invention 1s to provide a method
for manufacturing an EL element which can avoid a state
which plural unnecessary layers are laminated on each
pattern-formed light-emitting portion when the light-emait-
ting portions are formed by photolithography and thus
enables quick and easy peeling treatment in the peeling
process ol the unnecessary layers. In order to achieve the
aforementioned object, the present mmvention provides a
method for manufacturing an electroluminescent element by
photolithography, comprising: a process of providing a
light-emitting portion of at least one color, having a photo-
resist layer on a surface thereof, on a substrate; a process of
forming a heterochromatic light-emitting layer by coating
the substrate with a heterochromatic light-emitting layer
forming coating solution which expresses a different color
from the color of the above light-emitting portion; a process
of forming a photoresist layer for the heterochromatic light-
emitting layer by coating the heterochromatic light-emitting
layer with a photoresist; a process of pattern-exposing and
developing the photoresist layer for the heterochromatic
light-emitting layer, such that portions of the photoresist
layer for the heterochromatic light-emitting layer which the
heterochromatic light-emitting portion 1s to be formed, are
remained; and a process of forming the heterochromatic
light-emitting portion, having the photoresist layer for the
heterochromatic light-emitting layer on the surface thereof,
in a pattern by removing portions of the heterochromatic
light-emitting layer which the photoresist layer for the
heterochromatic light-emitting layer 1s removed.

14 Claims, 2 Drawing Sheets
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METHOD FOR MANUFACTURING
ELECTROLUMINESCENT DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the priority of Japanese patent
application serial No. 2002-108357, filed Apr. 10, 2002.

TECHNICAL FIELD

The present invention relates to a method for manufac-
turing an electroluminescent element having a light-emitting
layer formed by employing a photolithography (the term
“electroluminescent” will occasionally be referred to as

“EL” hereinafter).
BACKGROUND ART

In an EL element, holes and electrons, which are mjected
from electrodes opposed to each other, are bonded to each
other 1n a light-emitting layer, whereby the resulting energy
excites a fluorescent material 1n the light-emitting layer and
luminescence of a color 1n accordance with the fluorescent
material 1s eflected, so that EL elements are now becoming,
increasingly popular as a self-luminous sheet-shaped display
clement. Among EL elements, an organic film EL display,
which employs an organic material as a light-emitting mate-
rial, exhibits relatively high luminescence efliciency such
that luminescence of high intensity can be realized when
voltage a little less than 10 V 1s applied, and emitting light
with a simple element structure 1s possible. Accordingly, 1t
1s expected that the organic film EL display can be applied
to a low-cost indication display having a simple structure,
such as an advertisement device which indicates specific
patterns by emitting light.

When a display using such an EL element 1s produced,
patterning of a first electrode layer and an organic EL layer
1s generally carried out. Examples of patterning method of
such an EL element include: a method of vapor-depositing
a light-emitting material via a shadow mask; a method of
coating selectively by inkjet; a method of destroying specific
light-emitting colorants by UV radiation; a screen-printing
method; and the like. However, according to the aforemen-
tioned conventional methods, 1t 1s not possible to provide an
EL element which satisfies all the requirements such as high
luminescence efliciency, high “yield” of light eventually
obtained, simple and easy production process and highly
minute and precise pattern formation.

As a solution for solving the problems described above, a
method for manufacturing an EL element has been pro-
posed, i which a light-emitting layer 1s formed by pattern-
ing by photolithography. This method dose not require a
vacuum facilities and the like equipped with highly precise
alignment mechanism so that it makes production of EL
clements relatively easy 1n low cost, as compared with the
conventional patterning method by vapor-depositing. On the
other hand, this method 1s preferable because structures for
assisting patterning or pre-treatments of a substrate 1s not
necessary, as compared with the patterning method using
inkjet. To form highly precise patterns, the method for
manufacturing an EL element by photolithography 1s more
advantageous and preferable than the patterning method
using inkjet, considering a discharge precision of an inkjet
head.

An example of a method of forming a plurality of light-
emitting portions by such a photolithography i1s shown 1n
FIG. 2.
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As shown 1n FIG. 2(a), a first electrode layer 2 1s formed
in a pattern on a substrate 1, a first light-emitting portion 3
1s formed 1n a pattern on the fist electrode layer 2, and a fist
photoresist layer 4 1s laminated on the first light-emitting
portion 3.

Next, as shown 1n FIG. 2(b), a second light-emitting layer
5 1s formed by coating the substrate with a second light-
emitting layer forming coating solution. And a positive-type
photoresist 1s coated on the entire surface of the second
light-emitting layer 5, whereby a second photoresist layer 4
1s formed. Then, as shown in FIG. 2(c), only the portions
which the first light-emitting portion 3 and a second light-
emitting portion are to be formed, are masked by a photo-
mask 6 and the remaining portions are exposed to ultravio-
let.

The product 1s developed by a photoresist developer and
washed, whereby the second photoresist layer 4' of the
exposed portions 1s removed, as shown 1n FI1G. 2(d). Further,
portions of the second light-emitting layer 5, which 1s bared
as a result of removal of the second photoresist layer 4' at the
exposed portion, are removed. A second light-emitting por-
tion 5' coated with the second photoresist layer 4', and the
first light-emitting portion 3 coated with the first photoresist
layer 4, the second light-emitting layer 5 and the second
photoresist layer 4' are obtained, as shown 1n FIG. 2(e).

Next, same as the pattern formation of the second light-
emitting portion 5', a third light-emitting layer forming
coating solution 1s coated on the substrate, as shown 1n
FIG.2(f), whereby a third light-emitting layer 7 as a film 1s
formed. And a positive-type photoresist 1s coated on the
entire surface of the third light-emitting layer 7, whereby a
third photoresist layer 4" 1s formed. Then, as shown 1n FIG.
2(g), portions which the first light-emitting portion 3, the
second light-emitting portion 5' and a third light-emitting
portion 7' are to be formed, are masked by a photomask 6
and the remaining portions are exposed to ultraviolet.

The product 1s developed by a photoresist developer and
washed, whereby the third photoresist layer 4" 1s formed 1n
a pattern, as shown in FIG. 2(%). Then, the third light-
emitting layer 7, which 1s bared as a result of removal of the
third photoresist layer 4" at the exposed portions, are
removed. As a result, a third light-emitting portion 7' coated
with the third photoresist layer 4" 1s obtained, as shown in
FIG. 2(7). On the second light-emitting portion 5', the second
photoresist layer 4', the third light-emitting layer 7 and the
third photoresist layer 4" are laminated. On the other hand,
the first photoresist layer 4, the second light-emitting layer
S5, the second photoresist layer 4', the third light-emitting
layer 7 and the third photoresist layer 4" are laminated on the
first light-emitting portion 3.

Finally, by peeling treatment using a photoresist peeling
solution, the first light-emitting portion 3, the second light-
emitting portion 5' and the third light-emitting portion 7' are
bared, as shown 1 FIG. 2(j).

Thereatter, further processes including a process of form-
ing a second electrode layer on each light-emitting portion
are carried out, whereby an EL element which emits lumi-
nescence 1n the direction toward the bottom of the page in
FIG. 2(j) 1s produced.

However, 1n the conventional method as described above,
it 1s difficult to peel the photoresist layer quickly in the
peeling treatment of the photoresist layer at the final stage
from FIG. 2(i) to FIG. 2(;). Because a plurality of light-
emitting layers and photoresist layers are laminated on the
target photoresist layer to be treated, the area of the target
photoresist layer to be treated, where the target photoresist
layer 1s brought into contact with the photoresist peeling
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solution, 1s small. Accordingly, 1t takes a very long time for
the photoresist peeling solution to act on the photoresist
layer 1n the suflicient manner. When the substrate 1s exposed
to the photoresist peeling solution for a long time, not only
the production efliciency 1s decreased but also the pattern-
formed layers may be swollen and dissolved by the influence
of the photoresist peeling solution, which 1s inconvenient.
Theretore, 1t has been a demand for a method 1n which the
photoresist peeling solution can easily act on the photoresist
layer in the peeling treatment thereof.

DISCLOSURE OF INVENTION

The present invention has been contrived in consideration
of the problems described above. A main object of the
present invention 1s to provide a method for manufacturing,
an EL element which can avoid a state which plural unnec-
essary layers are laminated on each pattern-formed light-
emitting portion when the light-emitting portions are formed
by photolithography and thus enables quick and easy peeling
treatment 1n the peeling process of the unnecessary layers.

In order to achieve the atorementioned object, the present
invention provides a method for manufacturing an electrolu-
minescent element by photolithography, comprising: a pro-
cess ol providing a light-emitting portion of at least one
color, having a photoresist layer on a surface thereof, on a
substrate; a process of forming a heterochromatic light-
emitting layer by coating the substrate with a heterochro-
matic light-emitting layer forming coating solution which
expresses a different color from the color of the above
light-emitting portion; a process of forming a photoresist
layer for the heterochromatic light-emitting layer by coating
the heterochromatic light-emitting layer with a photoresist;
a process of pattern-exposing and developing the photoresist
layer for the heterochromatic light-emitting layer, such that
portions ol the photoresist layer for the heterochromatic
light-emitting layer which the heterochromatic light-emut-
ting portion 1s to be formed, are remained; and a process of
forming the heterochromatic light-emitting portion, having
the photoresist layer for the heterochromatic light-emitting,
layer on the surface thereof, 1n a pattern by removing
portions of the heterochromatic light-emitting layer which
the photoresist layer for the heterochromatic light-emitting,
layer 1s removed.

When the light-emitting layers 1s patterned by the pho-
tolithography according to the method for manufacturing an
EL element of the present invention, at the stage which the
patterning of each light-emitting portion 1s completed, each
light-emitting portion has no light-emitting layer of a dii-
terent color laminated thereon but has only a single layer of
photoresist layer laminated thereon. As a result, at the stage
which the photoresist layer 1s finally peeled ofl, the target
photoresist layer to be peeled off 1s positioned at the upper-
most layer and thus the photoresist peeling solution can
casily act, whereby the peeling treatment can be carried out
quickly and easily. Accordingly, the peeling treatment hardly
allects the substrate and the like, so that the production
clliciency 1s improved.

Further, the present invention provides a method for
manufacturing an electroluminescent element by photoli-
thography, comprising: a process ol providing a first light-
emitting portion having a first photoresist layer on a surface
thereol, on a substrate; a process of forming a second
light-emitting layer by coating the substrate with a second
light-emitting layer forming coating solution; a process of
forming a second photoresist layer by coating the second
light-emitting layer with a photoresist; a process of pattern-
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4

exposing and then developing the second photoresist layer,
such that portions of the second photoresist layer which the
second light-emitting portion 1s to be formed, are remained;
a process ol forming the second light-emitting portion,
having the second photoresist layer on the surface thereof, in
a pattern by removing portions of the second light-emitting
layer which the second photoresist layer 1s removed; a
process of providing the first light-emitting portion having
the first photoresist layer on a surface thereof, and the
second light-emitting portion having the second photoresist
layer on a surface thereof, on a substrate; a process of
forming a third light-emitting layer by coating the substrate
with a third light-emitting layer forming coating solution; a
process ol forming a third photoresist layer by coating the
third light-emitting layer with a photoresist; a process of
pattern-exposing and then developing the third photoresist
layer, such that portions of the third photoresist layer which
the third light-emitting portion 1s to be formed, are
remained; a process of forming the third light-emitting
portion, having the third photoresist layer on a surface
thereof, 1n a pattern by removing portions of the third
light-emitting layer which the third photoresist layer is
removed.

The method for manufacturing an EL element of the
present mvention 1s characterized in that, in the patterming
process of the light-emitting layer of the second color, only
the portions, which the light-emitting portion of the second
color 1s to be formed, of the photoresist layer 1s remained.
The light-emitting layer of the third color 1s patterned in the
same way. It makes a condition possible that, at the stage
which the patterning of each light-emitting layer 1s com-
pleted, each light-emitting layer has no light-emitting layer
of a diflerent color laminated thereon but has only a single
layer of photoresist layer laminated thereon. In this case, at
the stage which the photoresist layer 1s finally peeled off, the
photoresist layer 1s positioned at the uppermost layer and the
photoresist peeling solution can immediately act on the
photoresist layer, whereby the photoresist layer can be
quickly peeled off without applymg any additional force.
Accordingly, the production efliciency in manufacturing an
EL element of full colors 1s improved. Further, as the
substrate 1s not needed to be exposed for a long time to the
photoresist peeling solution, the influence of the peeling
solution on the substrate and the like can be suppressed to
the mimimum, so that the process yield 1s improved.

In the method described above, 1t 1s preferable that each
of the light-emitting layers 1s insoluble to the photoresist
solvent, the photoresist developer and the photoresist peel-
ing solution and that each of the photoresist layers 1is
insoluble to the solvent used for forming each light-emitting
layers described above.

Though 1t depends on the type of the photolithography, it
1s for eliminating a possibility of inconvenience such as
swelling and elution due to influence to a layer which has
already been formed and/or layers other than the target layer
of the treatment at the stage of laminating other layers and
the stage of development.

It 1s preferable that each of the light-emitting portions
described above i1s subjected to the patterning process
together with the bufller layer and formed on a bufler layer.
The bufler layer 1s provided 1n between the first electrode
layer and the light-emitting layer and functions so as to assist
the 1njection of electric charge to the light- emlttmg layer In
short, prowswn of a bufler layer increases the efliciency in
charge injection and thus improves light-emitting efliciency.

Further, 1in the method for manufacturing an EL element
by photolithography described above, after patterning each
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photoresist layer by coating each light-emitting layer to be
patterned with photoresist, exposing and developing, it 1s
preferable that portions of each light-emitting layer which
cach photoresist layer 1s removed, are patterned by dry
ctching.

Thus conducting dry etching at the time of patterming
light-emitting layers 1s preferable because layers other than
the target light-emitting layer to be pattern-formed 1s then
less likely to be aflected by patterning and thus more precise
pattern formation can be enabled.

In this case, the type of the dry etching is preferably a
reactive 1on etching. By employing reactive ion etching,
light-emitting layers or the bufler layer can eflectively be
removed.

Further, oxygen alone or a gas containing oxygen 1s
preferably used 1n the dry etching.

Use of oxygen alone or a gas containing oxygen 1s
preferable because the light-emitting layers or the bufler
layer can eflectively be removed by the oxidizing reaction,
without aflecting the substrate or ITO.

Yet further, atmospheric pressure plasma 1s preferably
used 1n the dry etching. Use of atmospheric pressure plasma
1s preferable because the vacuum process 1s not necessary
and patterning of high productivity can be enabled.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a process drawing showing one example of a
method for manufacturing an EL element of the present
invention.

FIG. 2 1s a process drawing showing one example of a
conventional method for manufacturing an EL element.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

A method for manufacturing an EL element of the present
invention will be described herematter.

The method for manufacturing an electroluminescent
clement by photolithography, 1n the present invention, com-
prising: a process of providing a light-emitting portion of at
least one color, having a photoresist layer on a surface
thereol, on a substrate; a process of forming a heterochro-
matic light-emitting layer by coating the substrate with a
heterochromatic light-emitting layer forming coating solu-
tion which expresses a diflerent color from the color of the
above light-emitting portion; a process of forming a photo-
resist layer for the heterochromatic light-emitting layer by
coating the heterochromatic light-emitting layer with a pho-
toresist; a process ol pattern-exposing and developing the
photoresist layer for the heterochromatic light-emitting
layer, such that portions of the photoresist layer for the
heterochromatic light-emitting layer which the heterochro-
matic light-emitting portion 1s to be formed, are remained;
and a process of forming the heterochromatic light-emitting
portion, having the photoresist layer for the heterochromatic
light-emitting layer on the surface thereof, 1n a pattern by
removing portions of the heterochromatic light-emitting
layer which the photoresist layer for the heterochromatic
light-emitting layer 1s removed.

In the present invention, the “heterochromatic light-emait-
ting layer” represents a light-emitting layer which exhibits a
color different from the color of a light-emitting portion
which has already been pattern-formed on the substrate. For
example, 1n a case 1 which a light-emitting portion of red
color has already been formed on the substrate, “a hetero-
chromatic light-emitting layer” represents a light-emitting
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layer of green or blue color. In a case 1n which light-emitting
portions of two colors, e.g., red and green have already been
formed on the substrate, “a heterochromatic light-emitting
layer” represents a light-emitting layer of blue color. Further,
“a heterochromatic light-emitting layer forming coating
solution™ represents a forming coating solution used for

forming such a heterochromatic light-emitting layer as
described above.

In the aforementioned method for manufacturing an EL
clement, the patterning process of a light-emitting portion of
the second or subsequent color 1s described by using the
terms of “a heterochromatic light-emitting layer”, “a het-
cerochromatic light-emitting layer forming coating solution™
and ““a heterochromatic light-emitting portion™. As a specific
example thereof, a patterning process of each light-emitting
portion of an EL element constituted of three light-emitting
portions will be described hereinafter, 1n the order of for-
mation.

It should be noted that the following description of a
manufacturing method of the present invention 1s the one
when the EL element of full-color 1s manufactured. Accord-
ingly, i the following description, “the heterochromatic
light-emitting layer™ 1s represented by the second or the third
light-emitting layer, “the heterochromatic light-emitting
layer forming coating solution™ 1s represented by the second
or the third light-emitting layer forming coating solution,
“the heterochromatic light-emitting portion” 1s represented
by the second or the third light-emitting portion, and “the
photoresist layer for the heterochromatic light-emitting
layer” 1s represented by the second or the third photoresist
layer.

Specifically, such a method for manufacturing an EL
clement comprises: a process of providing a first light-
emitting portion having a first photoresist layer on a surface
thereof, on a substrate; a process of forming a second
light-emitting layer by coating the substrate with a second
light-emitting layer forming coating solution; a process of
forming a second photoresist layer by coating the second
light-emitting layer with a photoresist; a process of pattern-
exposing and then developing the second photoresist layer,
such that portions of the second photoresist layer which the
second light-emitting portion 1s to be formed, are remained;
a process of forming the second light-emitting portion,
having the second photoresist layer on the surface thereof, in
a pattern by removing portions of the second light-emitting
layer which the second photoresist layer 1s removed; a
process of providing the first light-emitting portion having
the first photoresist layer on a surface thereof, and the
second light-emitting portion having the second photoresist
layer on a surface thereol, on a substrate; a process of
forming a third light-emitting layer by coating the substrate
with a third light-emitting layer forming coating solution; a
process of forming a third photoresist layer by coating the
third light-emitting layer with a photoresist; a process of
pattern-exposing and then developing the third photoresist
layer, such that portions of the third photoresist layer which
the third light-emitting portion 1s to be formed, are
remained; a process of forming the third light-emitting
portion, having the third photoresist layer on a surface
thereof, 1n a pattern by removing portions of the third
light-emitting layer which the third photoresist layer 1is
removed.

As described above, the present invention 1s characterized
in that, in the patterning process of the light-emitting portion
of the second color, the photoresist layer 1s pattern-exposed
such that only portions which the light-emitting portion of
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the second color 1s to be formed are remained as unexposed
areas. The light-emitting portion of the third color 1s pat-
terned 1n the same way.

Conventionally, in the process ol pattern-exposure, not
only portions which the light-emitting portion as the target
of the patterning 1s to be formed, but also light-emitting
portion(s) which has already been pattern-formed, are
masked, as shown mn FIG. 2(c) and FIG. 2(g). On the
contrary, in the present invention, the light-emitting
portion(s) which has already been pattern-formed are
exposed, without being masked by a photomask, as
described above, whereby no unnecessary photoresist layer
1s laminated on a light-emitting portion which has already
been pattern-formed. Accordingly, at the stage of completing,
the patterning of each light-emitting portion, each light-
emitting portion has no light-emitting layer of a different
color laminated thereon but formed 1n such a condition that
has only a single layer of photoresist layer laminated
thereon. In this condition, at the stage which the photoresist
layer 1s peeled off, the photoresist layer to be peeled offl 1s
positioned as the uppermost layer. Thus, a sufliciently large
area 1n which the photoresist layer 1s brought into contact
with the photoresist peeling solution used for the peeling
treatment 1s ensured and peeling of the photoresist layer can
be quickly eflfected.

In the present invention, “a light-emitting layer” repre-
sents a layer formed by coating a light-emitting layer
forming coating solution and drying. “Alight-emitting por-
tion” represents a light-emitting layer which 1s formed at a
predetermined position.

FIG. 1 shows one example of the manufacturing process
of the EL element of the present invention, with the above
mentioned characteristics. The manufacturing process will
be described 1n detail hereinafter, with reference to FIG. 1.

In the example shown 1n FIG. 1, a substrate 1, provided
with a first electrode layer 2 and a first light-emitting portion
3 having a first photoresist layer 4 on a surface thereof, 1s
prepared at first, as shown 1 FIG. 1(a) (the process of
preparing the first light-emitting portion). In the present
invention, the conventional photolithography may be
employed 1n the patterning process of the first light-emitting
portion 3.

Next, as shown 1 FIG. 1(b), a second light-emitting layer
forming coating solution 1s coated, so that a second light-
emitting layer 5 1s formed. Positive-type photoresist 1s then
coated on the entire surface, whereby a second photoresist
layer 4' 1s formed (the process of forming the second
photoresist layer).

Thereatfter, as shown 1n FIG. 1(c), only portions which the
second light-emitting portion 1s to be formed, are masked
with a photomask 6 and the remaining portions are exposed
to ultraviolet. The second photoresist layer 4' 1s then devel-
oped by a photoresist developer and washed. As a result, the
portions which the second light-emitting portion 1s to be
formed, of the second photoresist layer 4' are remained, as
shown 1n FIG. 1(d) (the process of patterning the second
photoresist layer).

Portions of the second light-emitting layer 5 which 1s
bared as a result of removal of the second photoresist layer
4' are removed. A second light-emitting portion 3' coated
with the second photoresist layer 4' and the first light-
emitting portion 3 coated with the first photoresist layer 4 are
remained, as shown i FIG. 1(e) (the process of forming the
second light-emitting portion).

In the method for manufacturing an EL element shown in
the example, a series of subsequent manufacturing processes
are further required 1n order to form light-emitting portions
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of three colors. However, 1in a case of an EL element with
light-emitting portions of only two colors, the photoresist
layer may be peeled off after the above, going through the
process of forming the second electrode layer on each
light-emitting portion, whereby an EL element may be
manufactured. In this case, the photoresist layer to be
removed or peeled off 1s positioned at the uppermost layer,
as shown in FIG. 1(e), there 1s an advantage that the peeling
treatment can be quickly eflected. In short, when an EL
clement of two colors 1s produced, the photoresist layer can
be peeled ofl easily and thus the production efliciency 1s
higher and the EL element with fewer damage in the
substrate can be provided.

Next, the patterning of a light-emitting portion of the third
color 1s carried out. The third light-emitting layer forming
coating solution 1s coated on the substrate 1 which 1is
provided with the first electrode layer 2, the first light-
emitting portion 3 having the first photoresist layer 4 on a
surface thereof and the second light-emitting portion 5
having the second photoresist layer 4' on a surface thereof,
as shown in FIG. 2(f), so that a third light-emitting layer 7
1s formed. Positive-type photoresist 1s then coated on the
third light-emitting layer 7, whereby a third photoresist layer
4" 1s formed (the process of forming the third photoresist
layer).

Thereatter, as shown 1n FIG. 1(g), only portions which the
third light-emitting portion 1s to be formed, are masked with
a photomask 6 and the remaining portions are exposed to
ultraviolet. And then developed by the photoresist developer
and washed. As a result, the portions of the third photoresist
layer 4" which the third light-emitting portion 1s not to be
formed, are removed, as shown 1n FI1G. 1(/2) (the process of
patterning the third photoresist layer).

Portions of the third light-emitting layer 7 which 1s bared
as a result of removal of the third photoresist layer 4', are
removed. A third light-emitting portion 7' with the third
photoresist layer 4" on the surface thereof 1s remained, as
shown 1n FIG. 1(i) (the process of forming the third light-
emitting portion).

In the present invention, in the patterning process of the
third photoresist layer, only portions which the third light-
emitting portion 1s to be formed, are pattern-exposed via the
photomask. As a result, such a condition that the first
light-emitting portion has one layer of the first photoresist
layer laminated thereon and the second light-emitting por-
tion has one layer of the second photoresist layer laminated
thereon.

Finally, each photoresist layers positioned at the upper-
most layer 1s peeled off, as shown 1n FIG. 1(;) (the peeling
process) and the second electrode layer 1s formed on each
light-emitting layers which 1s bared, whereby a light-emiat-
ting EL element in the direction toward the bottom of the
figure, 1s can be manufactured.

Hereinaftter, each process in the method for manufacturing
an EL element of the present invention will be described 1n
detaul.

1. The Process of Preparing the First Light-emitting Portion

In the present process, the first electrode layer 1s formed
on a substrate. The first light-emitting layer 1s formed by
coating the substrate with the first light-emitting layer form-
ing coating solution. Photoresist 1s coated on the entire
surface of the first light-emitting layer, so that the first
photoresist layer 1s formed. Then only portions which the
first light-emitting portion 1s to be formed, are masked with
a photomask, and pattern-exposed. Next, the exposed por-
tions of the first photoresist layer are developed by a
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photoresist developer. As a result, the exposed portions of
the first photoresist layer are removed, and portions of the
first light-emitting layer which were positioned below the
removed first photoresist layer, are bared. The bared portions
of the first light-emitting layer are removed, whereby the
first light-emitting portion having the first photoresist layer
on the surface thereotf 1s obtained.

Hereinafter, the structure of the present process will be
described.

(Substrate)

The substrate used in the present invention 1s not particu-
larly limited, as long as the substrate 1s highly transparent.
An 1norganic material such as glass and a transparent resin
can be used.

The transparent resin 1s not particularly limited, as long as
the resin can be molded mto a film-like shape. A polymeric
material which 1s highly transparent, exhibits relatively high
solvent-resistance, and heat-resistance 1s preferable. Specific
examples include polyether sulfone, polyethylene terephtha-
late (PET), polycarbonate (PC), polyetheretherketone
(PEEK), polyvinyl fluoride (PFV), polyacrylate (PA),
polypropylene (PP), polyethylene (PE), amorphous polyole-
fin and a fluorine-base resin.

(First Electrode Layer)

A first electrode layer 1s formed on the substrate, as
described above. The type of the first electrode layer 1s not
particularly limited, as long as it 1s the type generally used
for an ELL element.

The first electrode layer 1s previously formed on the
substrate, however, the second electrode layer 1s formed
alter the formation of the light-emitting layers. These elec-
trode layers are constituted of an anode and a cathode. It 1s
preferable that one of the anode or the cathode 1s transparent
or semi-transparent, and the anode 1s made of a conductive
material having a large work function, so that holes can
casily be injected. The cathode 1s preferably made of a
conductive material having a small work function, so that
clectrons can easily be injected. Plural types of materials
may be used in combination. It 1s preferable that each
clectrode layers has as small resistance as possible.
Although metal materials are generally used, organic mate-

rials or morganic compounds may be used.

(The First Light-emitting Layer Forming Coating Solution)

In the present invention, a first light-emitting layer form-
ing coating solution i1s coated on the substrate which at least
the first electrode layer 1s formed, and the coating 1s dried,
so that the first light-emitting layer 1s formed on the sub-
strate.

Such a first light-emitting layer forming coating solution
as described above generally contains a light-emitting mate-
rial, a solvent, and additives such as a doping agent. In the
present invention, the manufacturing method of EL element
1s that light-emitting layers of different types are patterned
by photolithography, a plurality of times, so that light-
emitting portions of a plurality of types are formed on the
substrate, light-emitting layers of plurality of color are
formed. Accordingly, plurality of types of light-emitting
layer forming coating solutions are used. Heremaiter, each
of the materials which constitute these light-emitting layer
forming coating solutions will be described.

A. Light-emitting Matenals

The light-emitting material used in the present invention
1s not particularly limited, as long as the material contains a
fluorescent emitting material and emit light. The light-
emitting material may exhibit both light-emitting function
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and the hole transporting function or the electron transport-
ing function. In the present invention, since the light-
emitting layers 1s patterned by photolithography method, as
described below, it 1s preferable that the material which
constitutes the light-emitting layer 1s not soluble to any of
the below described photoresist solvent, the photoresist
developer and the photoresist peeling solution. In this case,
the photoresist used 1n the patterning process of the light-
emitting layer by photolithography method 1s preferably
insoluble to the solvent used for the formation of the
light-emitting layer.

Examples of such a light-emitting material include a
colorant-base material, a metal complex-base material and a
polymer-base material.

(1) Colorant-base Material

Examples of the colorant-base material include cyclopen-
tamine derivative, tetraphenyl butadiene derivative, triph-
enylamine derivative, oxadiazole derivative, pyrazologquino-
line derivative, distyrylbenzene derivative, distyrylarylene
derivative, silole derivative, thiophene ring compound, pyri-
dine ring compound, perinone derivative, perylene deriva-
tive, oligothiophene derivative, trifumanylamine derivative,
oxodiazole dimer, pyrazoline dimer and the like.

(2) Metal Complex-base Material

Examples of the metal complex-base material include
metal complexes which has Al, Zn, Be or rare metals such
as Tb, Eu, Dy as a core metal, and has oxadiazole, thiadia-
zole, phenylpyridine, phenylbenzoimidazole or a quinoline
structure as a ligand. Specific examples of such metal
complex include aluminum-quinolinol complex, benzo-
quinolinol-beryllium complex, benzooxazole-zinc complex,
benzothiazole-zinc complex, azomethyl-zinc complex, por-
phyrin-zinc complex, and europium complex.

(3) Polymer-base Material

Examples of the polymer-base material include those
obtained by polymerizing polytluorene dernivative, polyvinyl
carbazole derivative, their plastid, or the metal complex-
base light-emitting materials such as polyparaphenylenevi-
nylene derivative, polythiophen denivative, polyparaphe-
nylene denvative, polysilane denvative, polyacetylene
derivative.

In the present mvention, the polymer-base material are
preferably used as a light-emitting material, 1n terms of
making the best use of the advantage that the light-emitting
portion can be formed in a highly precise manner by
photolithography using a light-emitting layer forming coat-
ing solution.

B. Solvent

There 1s a case 1 which a light-emitting layer forming
coating solution 1s coated on a photoresist layer, as 1s clearly
shown 1n the example of FIG. 1. Thus, as the solvent used
for such a light-emitting layer forming coating solution, it 1s
preferable to select a solvent whose solubility to the photo-
resist at 25° C. at 1 atom 1s no larger than 0.001 (g/g of the
solvent), more preferably no larger than 0.0001 (g/g of the
solvent). For example, 1n which the below mentioned butler
layer 1s soluble to a polar solvent such as a water-base
solvent, DMF, DMSO, alcohol and the photoresist 1s a
novolak-base positive-type resist which 1s generally
employed, examples of the solvent include: aromatic sol-
vents such as 1somers of benzene, toluene, xylene and a
mixture thereol and 1somers of mesitylene, tetralin,
p-cymene, cumene, ethylbenzene, diethylbenzene, butyl-
benzene, chlorobenzene, dichlorobenzene and a mixture
thereof; ether-base solvents such as anisole, phenetole,
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butylphenyl ether, tetrahydrofuran, 2-butanone, 1,4-dioxane,
diethyl ether, diuisopropyl ether, diphenyl ether, dibenzyl
cther, diglyme; chloro-base solovents such as dichlo-
romethane, 1,1-dichloroethane, 1,2-dichloroethane, trichlo-
roethylene, tetrachloroethylene, chloroform, carbon tetra-
chlornide, 1-chloronaphthalene; cyclohexanone; and the like.
The solvent not listed in the above can be used as long as 1t
meets with the requirements. Two or more types of solvents
may be used in a mixed manner.

To prevent the bufler layer and the light-emitting layer
material from being dissolved and mixed with each other
during the film-forming process for the light-emitting layer,
and to maintain the original light-emitting property of the
light-emitting materal, 1t 1s preferable that the bufler layer
1s not dissolved by the solvent.

For the reason described above, 1t 1s preferable to select,
as the solvent used for a light-emitting layer forming coating
solution, a solvent whose solubility to the bufler layer
maternal at 25° at 1 atom 1s no larger than 0.001 (g/g of the
solvent) or more preferably no larger than 0.0001 (g/g of the
solvent)

C. Additives

The light-emitting layer forming coating solution used in
the present invention may contain additives of various types,
other than the light-emitting materials and the solvent
described above. For example, a doping material may
optionally be added for the purpose of improving the light-
emitting efliciency of the light-emitting layer, changing the
light-emitting wavelength or the like. Examples of the
doping material include perylene derivative, coumalin
derivative, rubrene derivative, quinacridone derivative,
squalium derivative, porphyrin derivative, styryl-base colo-
rant, tetracene derivative, pyrazoline derivative, decacy-
clene, phenoxazone and the like.

(First Photoresist Layer)

Next, the first photoresist layer formed on the first light-
emitting layer will be described. Although three types of
photoresist layers, 1.e., the first, the second and the third
photoresist layers are used in the present immvention. The
three types of the photoresist layers are distinguished from
cach other only for convenience in description, so that all of
them may be the same kind of photoresist.

The method of coating photoresist 1s not particularly
limited as long as 1t 1s a common method of coating a coating
solution on the entire surface. Specific examples of the
method include spin coating method, casting method, dip-
ping method, bar coating method, blade coating method, roll
coating method, gravure coating method, flexo printing
method, spray coating method and the like.

In the present invention, the photoresist layer 1s laminated
on a light-emitting layer as described above, and the light-
emitting layer 1s patterned by photolithography. It should be
noted that the unique feature of the present invention lies in
the pattern-exposure during the patterming process for the
light-emitting layer. Photolithography method 1s a method of
forming a desired pattern which corresponds to a light-
irradiation pattern, by utilizing changes 1n solubility at the
light-irradiated portions of a film caused by wrradiation of
light.

Hereinafter, the photoresist, the photoresist solvent and
the photoresist developer used in the process will be

described.

A. Photoresist
The photoresist which can be used 1n the present inven-
tion 1s not particularly limited and may be of either positive
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or negative type. The photoresist 1s preferably insoluble to
the solvent used for forming an organic EL layer such as a
light-emitting layer.

Specific examples of the photoresist applicable include a
novolak resin-base, (rubber+bisazide)-base or the like.

B. Photoresist Solvent

In the present invention, 1t 1s preferable to use, as the
photoresist solvent used for the coating of the photoresist, a
solvent which does not dissolve the matenal of the organic
EL material such as, so that the matenial of the organic E
layer such as light-emitting layer and the material of the
photoresist are prevented from being dissolved and mixed
with each other during the film-forming process for the
photoresist, and the original light-emitting property 1s main-
tamned. For the reason described above, 1t 1s preferable to
select, as the photoresist solvent used 1n the present mnven-
tion, a solvent whose solubility to the material for forming
the organic EL layer such as a material for forming the
light-emitting layer, at 25° at 1 atom 1s no larger than 0.001
(g/g of the solvent) or more preferably no larger than 0.0001
(g/g of the solvent).

In a case 1n which the material for forming the butler layer
1s soluble to a water-base solvent and the light-emitting layer
1s soluble to a non-polar organic solvent such as an aromatic-
base solvent, examples of the photoresist solvent include:
ketones such as acetone, methylethyl ketone; cellosolve
acetates such as propylene glycol monoethyl ether acetate,
propylene glycol monomethyl ether acetate, ethylene glycol
monomethyl ether acetate, ethylene glycol monoethyl ether
acetate; cellosolves such as propylene glycol monoethyl
cther, propylene glycol monomethyl ether, ethylene glycol
monomethyl ether, ethylene glycol monoethyl ether; alcohol
such as methanol, ethanol, 1-butanol, 2-butanol, cyclohex-
anol; an ester-base solvent such as ethyl acetate, butyl
acetate; cyclohexane; dekalin; and the like. The photoresist
solvent of the present invention 1s not limited to the afore-
mentioned examples, and solvents of other types which
satisty the requirements may be used. Two or more types of

solvents maybe used 1n a mixed manner.

C. Photoresist Developer

Next, the developer used 1n the patterming process for the
photoresist layer of the present invention will be described.

The photoresist developer used 1n the present invention 1s
not particularly limited, unless the developer dissolves the
material which forms the aforementioned light-emitting
layer. Specific examples of the photoresist developer include
an organic alkali-base developer which 1s generally used; an
inorganic alkali-base developer; and an aqueous solution
which can develop the photoresist layer can also be used. It
1s preferable to clean the photoresist layer with water after
the development process.

It 1s preferable to select, as the developer used in the
present invention, a developer whose solubility to the mate-
rial for forming a light-emitting layer at 25° at 1 atom 1s no
larger than 0.001 (g/g of the developer) or more preferably
no larger than 0.0001 (g/g of the developer).

(Bufler Layer)

In the present mnvention, a bufler layer may be provided
on the substrate. The bufler layer of the present mvention
represents a layer, including an organic substance and, in
particular, an organic conductive pair, provided between the
anode and the light-emitting portion or between the cathode
and the light-emitting portion, so that electric charge 1is
casily injected to the light-emitting portion. The bufler layer
may be made of conductive polymer, for example, which
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functions by improving the efliciency in injecting holes to
the light-emitting portion and making an irregular surface of
the electrode or the like sufhiciently flat.

When the bufler layer of the present invention 1s highly
conductive, 1t 1s preferable that the bufler layer 1s patterned
so that the diode property of the element 1s maintained and
crosstalk 1s prevented. When the bufler layer has high
resistance, patterning may not be necessary. If provision of
the bufler layer 1n the EL element 1s not essential, the bufler
layer may be omuitted.

In the present mnvention, in a case 1n which the builer layer
1s also formed by patterming according to photolithography,
it 1s preferable to select, as the material of the bufler layer,
a material which 1s msoluble to the photoresist solvent and
the solvent used for forming the light-emitting layer, and it
1s more prelferable to select, as the material of the buller
layer, a material which 1s also msoluble to the photoresist
peeling solution.

Specific examples of the material of the bufler layer used
in the present invention include: polymer of a hole trans-
porting substance such as polyalkyl thiophene dernivative,
polyaniline derivative, triphenylamine; a sol-gel film of
inorganic oxides; polymeric film of an organic substance
such as trifluoromethane; and a film of an organic compound
contaiming Lewis acid. However, the material of the bufler
layer 1s not particularly limited to the aforementioned
examples, as long as the matenal satisfies the requirements
of solubility as described above. A material which reaches,
aiter the formation of a film, a state 1n which such require-
ments as described above are satisfied as a result of a
reaction, polymerization or sintering 1s also acceptable.

The solvent used for forming the bufler layer of the
present mvention 1s not particularly limited, as long as the
bufler material can be dispersed or dissolved into the sol-
vent. However, 1in a case 1n which the film-making process
must be carried out a plurality of times, when patterning for
manufacturing a full-color ELL element 1s carried out, the
butler solvent must be a solvent which does not dissolve the
photoresist material and preferably a solvent which does not
dissolve the light-emitting layer.

It 1s preferable to select, as a buller layer solvent of the
present invention, a solvent which solubility of the photo-
resist material at 25° at 1 atom 1s no larger than 0.001 (g/g
of the solvent) or more preferably no larger than 0.0001 (g/g
of the solvent). In addition to this, 1t 1s preferable to select,
as a bufler layer solvent of the present invention, a solvent
which solubility of the material of the light-emitting layer at
25° at 1 atom 1s no larger than 0.001 (g/g of the solvent) and
more preferably, no larger than 0.0001 (g/g of the solvent).

Specific examples of the solvent include water, alcohols
such as methanol and ethanol, dimethyliformamide, dem-
cthylacetoamide, demethyl sulfoxide, N-methyl-2-pyroli-
done and the like. The solvent 1s not limited to the afore-
mentioned examples, and solvents of other types which
satisfy the requirements maybe used. Further, two or more
types of solvents may be used in a mixed manner.

If necessary, a buller layer made of curing resin or the like
which 1s 1nsoluble to a solvent may be used. Specific
examples include a sol-gel reaction solution, a photo-setting
resin and a thermosetting resin. More specifically, by using
a bufler layer forming coating solution made by adding
additives to make them act as a bufler layer to a sol-gel
reaction solution, a photo-setting resin and thermosetting,
resin which have not been cured yet, or a bufler layer
forming coating solution which 1s made to act as a buller
layer by modifying a sol-gel reaction solution, a photo-
setting resin and thermosetting resin. By curing the afore-
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mentioned builer layer forming coating solution, a bufler
layer insoluble to a solvent may be used.

2. The Process of Forming the Second Photoresist Layer

Next, 1n the present invention, photoresist 1s coated on the
entire surface of the substrate on which the second light-
emitting layer 1s formed, whereby the second photoresist
layer 1s formed.

As a photoresist used 1n the present process 1s similar to
that described 1n “the process of preparing the first light-
emitting portion” mentioned above, detailed description 1s
omitted. The maternial of the first photoresist layer and the
material of the second photoresist are the same, normally.
However, 11 necessary, diflerent materials may be used.

3. The Process of Patterning the Second Photoresist Layer

In the present invention, the process of pattering the
second photoresist layer 1s a patterning process of: after the
second photoresist layer 1s formed on the enfire surface;
portions of the second photoresist layer on which the second
light-emitting portion 1s to be formed 1s masked by a
photomask and pattern exposed; and by developing, the
portions of the second photoresist layer, 1n which the second
light-emitting portion 1s to be formed, are remained.

The present invention 1s characterized by that the position
which 1s shielded with the photomask 1s limited to the region
which the second light-emitting portion 1s to be formed, in
the present process, and only the position, which the second
light-emitting portion 1s to be formed, of the second photo-
resist layer 1s remained.

Accordingly, the second photoresist layer 1s not remained
on the first light-emitting portion which has already been
formed on the substrate. The only photoresist layer lami-
nated on the first light-emitting portion 1s the first photoresist
layer. Furthermore, the second light-emitting layer which 1s
bared as a result of removal of the second photoresist layer
1s then removed by the subsequent process. Thus, the state
which the second light-emitting layer and the second pho-
toresist layer are laminated on the first light-emitting portion
1s avoided.

In the present process, the photoresist layer 1s subjected to
pattern-exposure via a photomask. The method of exposing
1s the same as the conventional method of exposing.

In the example shown 1n FIG. 1(c¢), as the photoresist layer
1s the positive type, a photomask which portions correspond-
ing the second photoresist layer shields light, 1s used.
Conversely, when a negative-type photoresist 1s used, a
photomask which exposes only at the portions correspond-
ing the second photoresist layer, 1s used.

4. The Process of Forming the Second Light-emitting Por-
tion

The process of forming the second light-emitting portion
of the present mmvention comprises the process of removing
the second light-emitting layer which 1s bared as a result of
removal of the second photoresist layer by the previous

process, thereby patterning the second light-emitting layer,
thus forming the second light-emitting portion.

As a result of the previous process, only the portions of
the second photoresist layer, in which the second light-
emitting portion 1s to be formed, are remained. Therefore,
when the second light-emitting portion 1s formed by the
present process, the second light-emitting layer remains only
at the portions 1n which the second light-emitting portion 1s
to be formed. Accordingly, the second photoresist layer and
the second light-emitting layer are not remained on the first
light-emitting portion which has already been patterned, and
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a state 1n which unnecessary layers are laminated on the first
light-emitting layer can be avoided.

As all the unnecessary layers have been removed from the
upper surface of the first electrode layer, there arises an
advantageous eflect that mconveniences such as uneven
thickness of layers caused by laminating a plurality of
layers, can be eliminated. Further, as photoresist layers to be
peeled off later, there 1s only one layer of the first photoresist
layer 1s laminated on the first light-emitting portion. As the
first photoresist layer i1s positioned as the uppermost layer,
there arises another advantageous eflect that the first pho-
toresist layer can be quickly peeled ofl in the peeling
treatment.

The process of forming the second light-emitting portion
described above may be carried out according to the wet-
type method using a solvent which dissolves the light-
emitting layer or the dry-type method using dry etching. In
the present invention, the dry-type method which does not
cause 1nconveniences such as color-mixing 1s preferably
used. Each of these methods will be described hereinafter.

(Wet-type Method)

The wet-type method 1n the present case 1s a method of
dissolving and removing the second light-emitting layer by
using a solvent which 1s capable of dissolving or peeling the
light-emitting layer, without peeling the photoresist ofl. As
such a solvent to be used, the atorementioned solvent of a
light-emitting layer forming coating solution can be used.
However, the solvent 1s not limited to such atorementioned
examples, and solvents of other types which satisiy the
requirements may be used.

The removal by the solvent may be carried out 1n an
ultrasonic bath. Use of ultrasonic bath 1s preferable, because
it enables highly precise patterning free from inconvenience
such as erosion of the pattern or dissolution of the second
light-emitting portion, and 1t enables highly precise pattern-
ing in a relatively short period.

In the present invention, condition of ultrasonic waves for
the ultrasonic bath 1s preferably set at 25° C., of the
oscillation frequency of at 20 to 100 KHz, and carrying out
for 0.1 to 60 seconds. By setting such conditions, highly
precise patterning 1s possible in a relatively short time.

(Dry-type Method)

On the other hand, the dry-type method 1s a method of
removing the portions of the second light-emitting layer in
which the second photoresist layer 1s removed, by dry
ctching.

Normally, a photoresist layer 1s formed significantly
thicker than a light-emitting layer. Thus, the light-emitting,
layer can be removed by performing dry etching uniformly.

In this case, the film thickness of the photoresist layer 1s
preferably 1n a range of 0.1 to 10 um, and more preferably
in a range of 0.5 to 5 um. By setting the film thickness 1n the
aforementioned range, dry etching in a high processing
precise can be carried out, without damaging the resist
function of the photoresist.

Therelore, the use of the dry etching enables making edge
portions of the etched areas significantly sharper and thus
making the widths of areas in which film thickness 1s
uneven, which 1s present on the edge portions of the pattern,
significantly narrower. As a result, there arises an advanta-
geous ellect that highly precise patterning 1s enabled.

The dry etching method used 1n the present invention 1s
preferably conducted as reactive 1on etching. By reactive ion
ctching, the organic film 1s chemically reacted and are
decomposed to compounds having small molecular weight,
the compounds can be removed from the substrate as a result
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of vaporization and evaporation, whereby processing by
highly precise etching can be carried out in a short time.

In the present invention, it 1s preferable that oxygen alone
or a gas containing oxygen 1s used 1n the aforementioned dry
etching process. Use of oxygen alone or a gas containing
oxygen enables resolving removal by the oxidation of the
organic {1lm. As a result, unnecessary organic substances can
be removed from the substrate, whereby processing by
highly precise etching can be carried out in a short time.
Further, under this condition, oxygen alone or a gas con-
taining oxygen does not etch the transparent conductive film
of oxides such as I'TO, which 1s generally used. That 1s
ellective 1n that a surface of the electrode can be cleaned
without damaging the electrode characteristic.

In the present invention, 1t 1s preferable that atmospheric
plasma 1s used in the alforementioned dry etching process.
Dry etching, which generally requires a vacuum facility, can
be carried out under the atmospheric pressure by using
atmospheric plasma, whereby the time and cost required for
the treatment can be reduced. In this case, etching can be
performed by utilizing oxidizing resolving of organic sub-
stances by plasmatic oxygen in the atmosphere. The gas
composition of the reaction atmosphere may be adjusted, as
desired, by substitution and circulation.

In a case 1n which a two-color EL element 1s produced, the
first photoresist layer and the second photoresist layer posi-
tioned on each light-emitting portions, respectively, are
peeled off after the process of forming the second light-
emitting portion, so that the first and second light-emitting
portions are bared. The second electrode layer 1s then
formed on each light-emitting portion, whereby an EL
clement which effects two-color luminescence can be manu-
factured.

5. The Process of Forming the Third Photoresist Layer

-

T'he process of forming the third photoresist layer of the
present mnvention comprises the process of: coating the third
light-emitting layer forming coating solution on a substrate
provided with the first electrode layer, the first light-emitting,
portion formed on the first electrode layer and having the
first photoresist layer on the surface, and the second light-
emitting portion, formed in a pattern-like configuration
similarly on the first electrode layer, having the second
photoresist layer on the surface; thereby forming the third
light-emitting layer; and then, coating photoresist to the
entire surface of the third light-emitting layer, thereby
forming the third photoresist layer.

As the third light-emitting layer forming coating solution,
the third light-emitting layer and the third photoresist layer
constituting the present process are similar to those
described 1n detail 1n “the process of preparing the first
light-emitting portion”, the description thereof will be omiut-
ted.

6. The Process of Patterning the Third Photoresist Layer

In the present invention, the process of pattering the third
photoresist layer comprises a process ol: masking by a
photomask and pattern-exposing only the portions which the
third light-emitting portion 1s to be formed, of the third
photoresist layer formed on the third light-emitting layer,
and then developing by using a photoresist developer,
thereby patterning such that only the portions of the third
photoresist layer, which the third light-emitting portion 1s to
be formed, are remained.

In the present mnvention, the present process of patterning,
the third photoresist layer 1s characterized in that only
portions ol the third photoresist layer, which the third
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light-emitting portion 1s to be formed, are masked by a
photomask and pattern exposed.

As a result, the third photoresist layer 1s remained only on
the third light-emitting portion, and the third photoresist
layer 1s not remained on the first light-emitting portion and
the second light-emitting portion which have already been
pattern-formed. Therefore, in the subsequent process of
forming the third light-emitting portion, the third light-
emitting layer located on the first and the second light-
emitting portions are removed. Accordingly, the state in
which a plurality of unnecessary layers are laminated on the
first and the second light-emitting portions 1s avoided. Thus,
there arises an advantageous eflect that the peeling treatment
can be effected quickly when the photoresist layer 1s peeled
off.

Other features about the photoresist developer 1s similar
to those described 1n detail in “the process of preparing the
first light-emitting portion™, description thereof will be
omitted.

7. The Process of Forming the Third Light-emitting Portion
The present process of forming the third light-emitting,
portion of the invention comprises the process of removing
portions of the third light-emitting layer, which 1s bared as
a result of removal of the third photoresist layer in the
previous process, thereby forming the third light-emitting
layer 1n a pattern-like configuration and obtaining the third
light-emitting portion.
In the present process, when forming the third light-
emitting portion, the third light-emitting layer 1s laminated
only at the portions thereof which the third light-emitting
portion 1s to be formed. Accordingly, the third photoresist
layer and the third light-emitting layer are remained on
neither the first nor the second light-emitting portion which
have already been patterned. As a result, a state in which a
plurality of unnecessary layers are laminated on both light-
emitting portions can be avoided. Therefore, when the
present process 1s completed, each light-emitting portions
can be formed 1n a state which the first photoresist layer 1s
formed on the first light-emitting portion, the second pho-
toresist layer 1s formed on the second light-emitting portion,
and the third photoresist layer 1s formed on the third light-
emitting portion.

In this state, excellent stability in storage 1s maintained
because the photoresist layers function as protecting layers.
Therefore, distribution 1n this state 1s possible, due to the
excellent distribution resistance. Further, the peeling treat-
ment of the photoresist layer 1n the subsequent process can
be carried out easily. Thus, an EL element which can well
meet the demand from the market can be provided.

8. The Peeling Process

The peeling process of the present mvention comprises
the process of peeling the photoresist layer located on each
light-emitting portion by using a photoresist peeling solu-
tion.

In the present process, only one layer of the photoresist
layer 1s formed on each light-emitting portion which 1s
pattern-formed on the substrate, and each photoresist layer
1s positioned at the uppermost layer. Therefore, in the
present process, each photoresist layer can be peeled ofl
casily by the photoresist peeling solution.

In the present process, the photoresist layer can be peeled
ofl by a method of immersing the substrate 1n the photoresist
peeling solution, a method of shower-injecting the photore-
s1st peeling solution onto the substrate, or the like.

The solution used 1n the present mnvention for peeling the
photoresist layer off 1s not particularly limited, as long as the
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solvent 1s capable of dissolving the photoresist layer without
dissolving each light-emitting portion. The solvents for the
photoresist as described above may be used as the photore-
s1st peeling solution. In a case which a positive-type resist 1s
used, the atorementioned examples of the photoresist devel-
oper used after UV exposure can also be used for peeling the
photoresist layer.

Further, solvents such as a strong alkal1 aqueous solution,
dimethylformamide, dimethylacetoamide, dimethylsulfox-
ide, N-methyl-2-pyrolidone; a mixture thereof; and a com-
mercially available photoresist peeling solutions may be
used.

The present invention 1s not limited to the embodiment
described above. The aforementioned embodiment 1s merely
an example, and whatever 1s substantially equivalent, 1n
terms of structure and eflect, to the technological idea
defined 1n the claims of the present invention 1s imncluded to
the technological scope of the present invention.

EXAMPLES

The present invention will be further described by way of
the following examples.

Example 1

(Production of an Organic EL Layer of the First Color)
On a transparent glass substrate which indium tin oxide
(ITO) as a first electrode layer 1s formed thereon, a coating
solution for a hole-injection layer (poly(3,4) ethylenediox-
ythiophene/polystyrene sulphonate: PEDT/PSS: “Baytron
P” manufactured by Bayer Yakuhin, Ltd., shown in the
following chemical formula (1)) was coated on the entire
surface by spin coating method. The coating was dried,
whereby the first hole-injection layer of film thickness of

800 A was formed.

(1)

4 = = - 7 Z

N N K N O XX

SO5 SO;H ~ SO;H  SOH SOy SO,H
O O O O Vv 0 0O

s AN s AN
SN\
\__/

Next, 1 wt. % xylene solution of polyparaphenylene
vinylene derivative (MEH-PPV) was prepared as the first
light-emitting layer, coated on the entire surface of the hole

injection layer by spin coating method, dried and the first
light-emitting layer of film thickness of 1000 A was formed,
whereby an organic EL layer was formed.

(Production of a Photoresist Layer of the First Color)

Thereatter, positive-type photoresist (OFPR-800, manu-
factured by Tokyo Ohka Kogyo Co. Ltd.,) was coated on the
entire surface of the first light-emitting layer by spin coating
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method, dried, whereby a first photoresist layer of film
thickness of 1 um was formed.

(Patterning of the First Color)

Next, UV was 1rradiated by an alignment exposure
device, by using a photomask (line width (light-shielding
portion): 85 um, space width (light-transmitting portion):
215 pum) prepared such that the light-shielding portion
thereot corresponded to the first light-emitting portion, then
the photoresist of the irradiated portion was removed by a
resist developer (NMD-3, manufactured by Tokyo Ohka
Kogyo Co. Ltd.,). Thereafter dry etching was performed by
an atmospheric pressure plasma device, whereby portions of
the organic EL layer, which the photoresist 1s removed, were
removed.

This substrate was observed by a microscope, the film
thickness was measured, and a cross section was observed.

It was confirmed that the substrate structure was as shown in
FIG.1(a).

(Formation of an Organic EL Laver of the Second Color)

Next, a second hole-injection layer, the second light-
emitting layer (MEH- PPV) and the second photoresist layer
were formed according to a wet-type process, without peel-
ing the photoresist which had been remained.

(Patterning of the Second Color)

Then, UV was exposed by using the aforementioned
photomask in a manner that the substrate was laterally
shifted by 1 pitch (100 um), as compared with the exposure
for the first color, the photoresist at the exposed portions was
removed by using a resist developer (NMD-3, manufactured
by Tokyo Ohka Kogyo Co. Ltd.,). Thereatfter, dry etching
was performed by an atmospheric pressure plasma device,
whereby portions of the organic EL layer, which the pho-
toresist 1s removed, were removed.

This substrate was observed by a microscope, the film
thickness was measured, and a cross section was observed.
It was confirmed that for the first light-emitting portion, the
first photoresist was formed on the first organic EL layer and
both the second light-emitting layer and the second photo-
resist were completely removed from the first light-emaitting,
portion and that the substrate structure was as shown in FIG.

1(e).

(Formation of an Organic EL Layver of the Third Color)

After the dry etching was completed, a third hole-1njec-
tion layer, the third light-emitting layer (MEH-PPV) and the
third photoresist layer were formed by the wet-type process,
without peeling the photoresist.

(Patterning of the Third Color)

Then, alignment exposure was performed by an alignment
exposure device with the photomask described above, 1n a
manner that the substrate was laterally shifted by two pitches
(200 um), as compared with the exposure for the first color.
The photoresist at the exposed portions was then removed
by a resist developer (NMD-3, manufactured by Tokyo
Ohka Kogyo Co. Ltd.,). Thereafter, dry etching was per-
formed by an atmospheric pressure plasma device, whereby
portions of the organic EL layer, which the photoresist 1s
removed, were removed.

This substrate was observed by a microscope, the film
thickness was measured, and a cross section was observed.
It was confirmed that for the first light-emitting portion, the
first photoresist was formed on the first organic EL layer and
both the third light-emitting layer and the third photoresist
were completely removed from the first light-emitting por-
tion.
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Further, 1t was confirmed that for the second light-emit-
ting portion, the second photoresist was formed on the
second organic EL layer and both the third light-emitting
portion and the third photoresist were completely removed,
the cross section of the substrate structure was as shown in

FIG. 1(}).

(Peeling of the Resist)

The remaiming resist which 1s not exposed was immersed
in a resist solvent for 10 minutes at the room temperature, so
that only the resist was completely removed, whereby a
substrate was obtained on which an organic EL layer,
patterned by line width of 85 um and space width of 15 um,
1s Tormed.

Comparative Example 1

(Production of an Organic EL Layer of the First Color)

On a transparent glass substrate which indium tin oxide
(ITO) as a first electrode layer 1s formed thereon, a coating
solution for a hole-injection layer same as example 1 (poly
(3,4) ethylenedioxythiophene/polystyrene  sulphonate:
PEDT/PSS: “Baytron P” manufactured by Bayer Yakuhin,
[.td.) was coated on the enfire surface by spin coating
method. The coating was dried, whereby the first hole-
injection layer of film thickness of 800 A was formed.

Next, 1 wt. % xylene solution of polyparaphenylene
vinylene derivative (MEH-PPV) was prepared as the first
light-emitting layer, coated on the entire surface of the hole
injection layer by spin coating method, dried and the first
light-emitting layer of film thickness of 1000 A was formed,
whereby an organic EL layer was formed.

(Production of a Photoresist Layer of the First Color)

Thereatter, positive-type photoresist (OFPR-800, manu-
factured by Tokyo Ohka Kogyo Co. Ltd.,) was coated on the
entire surface of the first light-emitting layer by spin coating
method, dried, whereby a first photoresist layer of film
thickness of 1 um was formed.

(Patterning of the First Color)

Next, UV was 1rradiated by an alignment exposure
device, by using a photomask (line width (light-shielding
portion): 85 um, space width (light-transmitting portion):
215 pum) prepared such that the light-shielding portion
thereof corresponded to the first light-emitting portion, then
the photoresist of the irradiated portion was removed by a
resist developer (NMD-3, manufactured by Tokyo Ohka
Kogyo Co. Ltd.,). Thereafter dry etching was performed by
an atmospheric pressure plasma device, whereby portions of
the organic EL layer, which the photoresist 1s removed, were
removed.

This substrate was observed by a microscope, the film
thickness was measured, and a cross section was observed.
It was confirmed that the substrate structure was as shown 1n

FIG. 2(a).

(Formation of an Orgarlie EL Layer of the Second Color)

Next, a second hole-injection layer, the second light-
emitting layer (MEH- PPV) and the second photoresist layer
were formed according to a wet-type process, without peel-
ing the photoresist which had been remained.

(Patterning of the Second Color)

Then, UV was exposed by using a photomask prepared so
that portions corresponding the first light-emitting portion
and the second light-emitting portion are made to be light-
shielding portions, the photoresist at the exposed portions
was removed by using a resist developer (NMD-3, manu-
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tactured by Tokyo Ohka Kogyo Co. Ltd.,). Thereatfter, dry
etching was performed by an atmospheric pressure plasma
device, whereby portions of the organic EL layer, which the
photoresist 1s removed, were removed.

This substrate was observed by a microscope, the film
thickness was measured, and a cross section was observed.
It was confirmed that the second light-emitting layer and the

second photoresist were formed on the first light-emitting
portion and that the substrate structure was as shown in FIG.

2(e).

(Formation of an Organic

EL Layer of the Third Color)

After the dry etching was completed, a third hole-injec-
tion layer, the third light-emitting layer (MEH-PPV) and the
third photoresist layer were formed by the wet-type process,
without peeling the photoresist.

(Patterning of the Third Color)

Then, alignment exposure was performed by an alignment
exposure device with a photomask prepared so that portions
corresponding the first light-emitting portion, the second
light-emitting portion, and the third light-emitting portion
are made to be light-shielding portions. The photoresist at
the exposed portions was then removed by a resist developer
(NMD-3, manufactured by Tokyo Ohka Kogyo Co. Ltd.,).
Thereatter, dry etching was performed by an atmospheric
pressure plasma device, whereby portions of the organic EL
layer, which the photoresist 1s removed, were removed.

This substrate was observed by a microscope, the film
thickness was measured, and a cross section was observed.
It was confirmed that the second light-emitting portion, the
second photoresist, the third light-emitting portion, and the
third photoresist were formed on the first light-emitting
portion, the third light-emitting portion and the third pho-
toresist were formed on the second light-emitting portion,
and the substrate structure was as shown 1n FIG. 2(i).

(Peeling of the Resist)

The remaining resist which 1s not exposed was immersed
in a resist solvent for 180 minutes at the room temperature.
However, a large number of spots, on the first light-emitting
portion, where the first photoresist and the second light-
emitting portion are remained, spots where the first photo-
resist, the second light-emitting portion, the second photo-
resist and the third light-emitting portion are remained. On
the second light-emitting portion, spots where the third
light-emitting portion 1s remained, and spots where the third
light-emitting portion was missing were found.

EL Ele-

(Evaluation of the Light-emitting Property of the
ment)

Next, a metal electrode was formed on the substrates
obtained by example 1 and comparative example 1. As the
metal electrode, calcium was vapor-deposited such that the
thickness is 1000 A. Further, as an anti-oxidization layer,
silver was vapor-deposited such that the thickness is 2000 A.

The ITO electrode side was connected to an anode and the
metal electrode side was connected to a cathode, and a direct
current was applied by a source meter. Light-emitting at the
wavelength of 380 nm was observed when the applied
voltage was 1n the vicinity of 10 V.

Further, the light-emitting portions were observed by a
microscope. In the example 1, 1t was confirmed that the lines
of 85 um are emitting light uniformly. Conversely, 1n com-
parative example 1, a large number of portions where light
1s not emitted (dark spots) were observed in the lines of 85
um width.
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Example 2

(Production of an Organic EL Layer of the First Color)

On a transparent glass substrate which indium tin oxide
(ITO) as a first electrode layer 1s formed thereon, a coating
solution for a hole-injection layer same as the example 1
(poly(3.4) ethylenedioxythiophene/polystyrene sulphonate:
PEDT/PSS: “Baytron P” manufactured by Bayer Yakuhin,
[.td.) was coated on the entire surface by spin coating
method. The coating was dried, whereby the first hole-
injection layer of film thickness of 800 A was formed.

Next, as the first light-emitting layer, on the hole-injection
layer, 1 ml of a coating solution of a red color light emitting
organic material (70 parts by weight of polyvinyl carbazole,
30 parts by weight of oxadiazole, 1 parts by weight of
dicyanomethylenepyran derivative, 4900 parts by weight of
monochlorobenzene) was applied dropwise to the center
portion of the substrate, and spin-coated. A layer was formed
by carrying out spin coating at 2000 rpm for 10 seconds. The
thickness of the resulting film was 800 A.

(Production of a Photoresist Layer of the First Color)

Thereatter, positive-type photoresist (OFPR-800, manu-
factured by Tokyo Ohka Kogyo Co. Ltd.,) was coated on the
entire surface of the first light-emitting layer by spin coating
method, dried, whereby a first photoresist layer of film
thickness of 1 um was formed.

(Patterning of the First Color)

Next, UV was 1rradiated by an alignment exposure
device, by using a photomask (line width (light-shielding
portion): 85 um, space width (light-transmitting portion):
215 pum) prepared such that the light-shielding portion
thereol corresponded to the first light-emitting portion, then
the photoresist of the wrradiated portion was removed by a
resist developer (NMD-3, manufactured by Tokyo Ohka
Kogyo Co. Ltd.,). Thereafter dry etching was performed by
an atmospheric pressure plasma device, whereby portions of
the organic EL layer, which the photoresist 1s removed, were
removed.

This substrate was observed by a microscope, the film
thickness was measured, and a cross section was observed.

It was confirmed that the substrate structure was as shown in
FIG. 1(a).

(Formation of an Organic EL Layer of the Second Color)

Next, the second hole-injection layer was formed, without
peeling the remaining photoresist. Thereatfter, as the second
light-emitting layer, 1 ml of a coating solution of a green
color light-emitting organic material (70 parts by weight of
polyvinyl carbazole, 30 parts by weight of oxadiazole, 1
parts by weight of coumalin 6, 4900 parts by weight of
monochlorobenzene) was applied dropwise to the center
portion of the substrate, and spin-coated. A layer was formed
by carrying out the spin coating at 2000 rpm for 10 seconds.
The thickness of the resulting film was 800 A. A photoresist
layer was formed by a wet-type process on the obtained
substrate.

(Patterning of the Second Color)

Then, UV was exposed by using the aforementioned
photomask 1 a manner that the substrate was laterally
shifted by 1 pitch (100 um), as compared with the exposure
for the first color, the photoresist at the exposed portions was
removed by using a resist developer (NMD-3, manufactured
by Tokyo Ohka Kogyo Co. Ltd.,). Thereafter, dry etching
was performed by an atmospheric pressure plasma device,
whereby portions of the organic EL layer, which the pho-
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toresist 1s removed, were removed. This substrate was
observed by a microscope, the film thickness was measured,
and a cross section was observed. It was confirmed that for
the first light-emitting portion, the first photoresist was
formed on the first organic EL layer and both the second
light-emitting layer and the second photoresist were com-
pletely removed from the first light-emitting portion and that
the substrate structure was as shown 1n FIG. 1(e).

(Formation of an Organic EL Layer of the Third Color)

After the dry etching was completed, the third hole-
injection layer was formed, without peeling the remaining
photoresist. Thereafter, as the third light-emitting layer, a
coating solution of a blue color light-emitting organic mate-
rial (70 parts by weight of polyvinyl carbazole, 30 parts by
weight of oxadiazole, 1 parts by weight of perylene, 4900
parts by weight of monochlorobenzene) was applied drop-
wise to the center portion of the substrate, and spin-coated.
A layer was formed by carrying out the spin coating at 2000
rpm for 10 seconds. The thickness of the resulting film was
800 A. A photoresist layer was formed by a wet-type process
on the obtained substrate.

(Patterning of the Third Color)

Then, alignment exposure was performed by an alignment
exposure device with the photomask described above, 1n a
manner that the substrate was laterally shifted by two pitches
(200 um), as compared with the exposure for the first color.
The photoresist at the exposed portions was then removed
by a resist developer (NMD-3, manufactured by Tokyo
Ohka Kogyo Co. Ltd.,). Thereafter, dry etching was per-
formed by an atmospheric pressure plasma device, whereby
portions of the organic EL layer, which the photoresist 1s
removed, were removed.

This substrate was observed by a microscope, the film
thickness was measured, and a cross section was observed.
It was confirmed that for the first light-emitting portion, the
first photoresist was formed on the first organic EL layer and
both the third light-emitting layer and the third photoresist
were completely removed from the first light-emitting por-
tion.

Further, 1t was confirmed that for the second light-emait-
ting portion, the second photoresist was formed on the
second organic EL layer and both the third light-emitting
portion and the third photoresist were completely removed,
the cross section of the substrate structure was as shown in

FIG. 1(i).

(Peeling of the Resist)

The remaining resist which 1s not exposed was immersed
in a resist solvent for 10 minutes at the room temperature, so
that only the resist was completely removed, whereby a
substrate was obtained on which an organic EL layer,
patterned by line width of 85 um and space width of 15 um,
1s formed.

Comparative Example 2

EL Layer of the First Color)

On a transparent glass substrate which imndium tin oxide
(ITO) as a first electrode layer 1s formed thereon, a coating
solution for a hole-injection layer same as the example 1
(poly(3.4) ethylenedioxythiophene/polystyrene sulphonate:
PEDT/PSS: “Baytron P” manufactured by Bayer Yakuhin,
[td.) was coated on the enfire surface by spin coating
method. The coating was dried, whereby the first hole-
injection layer of film thickness of 800 A was formed.

(Production of an Organic
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Next, as the first light-emitting layer, on the hole-injection
layer, 1 ml of a coating solution of a red color light emitting
organic material (70 parts by weight of polyvinyl carbazole,
30 parts by weight of oxadiazole, 1 parts by weight of
dicyanomethylenepyran derivative, 4900 parts by weight of
monochlorobenzene) was applied dropwise to the center
portion of the substrate, and spin-coated. A layer was formed
by carrying out spin coating at 2000 rpm for 10 seconds. The
thickness of the resulting film was 800 A.

(Production of a Photoresist Layer of the First Color)

Thereatter, positive-type photoresist (OFPR-800, manu-
factured by Tokyo Ohka Kogyo Co. Ltd.,) was coated on the
entire surface of the first light-emitting layer by spin coating
method, dried, whereby a first photoresist layer of film
thickness of 1 um was formed.

(Patterning of the First Color)

Next, UV was 1rradiated by an alignment exposure
device, by using a photomask (line width (light-shielding
portion): 85 um, space width (light-transmitting portion):
215 um) prepared such that the light-shielding portion
thereof corresponded to the first light-emitting portion, then
the photoresist of the irradiated portion was removed by a
resist developer (NMD-3, manufactured by Tokyo Ohka
Kogyo Co. Ltd.,). Thereafter dry etching was performed by
an atmospheric pressure plasma device, whereby portions of
the organic EL layer, which the photoresist 1s removed, were
removed.

This substrate was observed by a microscope, the film
thickness was measured, and a cross section was observed.
It was confirmed that the substrate structure was as shown 1n

FIG. 2(a).

(Formation of an Organic EL Layer of the Second Color)

Next, the second hole-injection layer was formed, without
peeling the remaining photoresist. Thereafter, as the second
light-emitting layer, 1 ml of a coating solution of a green
color light-emitting organic material (70 parts by weight of
polyvinyl carbazole, 30 parts by weight of oxadiazole, 1
parts by weight of coumalin 6, 4900 parts by weight of
monochlorobenzene) was applied dropwise to the center
portion of the substrate, and spin-coated. A layer was formed
by carrying out the spin coating at 2000 rpm for 10 seconds.
The thickness of the resulting film was 800 A. A photoresist
layer was formed by a wet-type process on the obtained
substrate.

(Patterning of the Second Color)

Then, UV was exposed by using a photomask prepared so
that portions corresponding the first light-emitting portion
and the second light-emitting portion are made to be light-
shielding portions, the photoresist at the exposed portions
was removed by using a resist developer (NMD-3, manu-
factured by Tokyo Ohka Kogyo Co. Ltd.,). Thereaiter, dry
ctching was performed by an atmospheric pressure plasma
device, whereby portions of the organic EL layer, which the
photoresist 1s removed, were removed.

This substrate was observed by a microscope, the film
thickness was measured, and a cross section was observed.
It was confirmed that the second light-emitting portion and
the second photoresist were formed on the first light-emait-

ting portion and that the substrate structure was as shown in
FIG. 2(e).

(Formation of an Organic EL. Layver of the Third Color)
After the dry etching was completed, the third hole-

injection layer was formed, without peeling the remaining

photoresist. Thereafter, as the third light-emitting layer, a
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coating solution of a blue color light-emitting organic mate-
rial (70 parts by weight of polyvinyl carbazole, 30 parts by
weight of oxadiazole, 1 parts by weight of perylene, 4900
parts by weight of monochlorobenzene) was applied drop-
wise to the center portion of the substrate, and spin-coated.
A layer was formed by carrying out the spin coating at 2000
rpm for 10 seconds. The thickness of the resulting film was
800 A. A photoresist layer was formed by a wet-type process
on the obtained substrate.

(Patterning of the Third Color)

Then, alignment exposure was performed by an alignment
exposure device with a photomask prepared so that portions
corresponding the first light-emitting portion, the second
light-emitting portion, and the third light-emitting portion
are made to be light-shielding portions. The photoresist at
the exposed portions was then removed by a resist developer
(NMD-3, manufactured by Tokyo Ohka Kogyo Co. Ltd.,).
Thereatter, dry etching was performed by an atmospheric
pressure plasma device, whereby portions of the organic EL
layer, which the photoresist 1s removed, were removed.

This substrate was observed by a microscope, the film
thickness was measured, and a cross section was observed.
It was confirmed that the second light-emitting portion, the
second photoresist, the third light-emitting portion, and the
third photoresist were formed on the first light-emitting
portion, the third light-emitting portion and the third pho-
toresist were formed on the second light-emitting portion,
and the substrate structure was as shown 1n FIG. 2(i).

(Peeling of the Resist)

The remaining resist which 1s not exposed was immersed
in a resist solvent for 180 minutes at the room temperature.
However, a large number of spots where the first photoresist
and the second light-emitting portion are remained on the
first light-emitting portion, spots where the first photoresist,
the second light-emitting portion, the second photoresist and
the third light-emitting portion are remained, spots where
the third light-emitting portion 1s remained on the second
light-emitting portion, and spots where the third light-
emitting portion was missing were found.

EL Ele-

(Evaluation of the Light-emitting Property of the
ment)

Next, a metal electrode was formed on the substrates
obtained by example 2 and comparative example 2. As the
metal electrode, calcium was vapor-deposited such that the
thickness is 1000 A. Further, as an anti-oxidization layer,
silver was vapor-deposited such that the thickness is 2000 A.

The I'TO electrode side was connected to an anode and the
metal electrode side was connected to a cathode, and a direct
current was applied by a source meter. Light-emitting was
observed when the applied voltage was 1n the vicinity of 10
V.

Further, the light-emitting portions were observed by a
microscope. In the example. 2, 1t was confirmed that the
lines of 85 um are emitting light umiformly. Conversely, 1n
comparative example 2, a large number of portions where

light 1s not emitted (dark spots) were observed 1n the lines
of 85 um wadth.

The 1nvention claimed 1s:

1. A method for manufacturing an electroluminescent

clement by photolithography, comprising;

a process of providing a light-emitting portion of at least
one color, having only one photoresist layer on a
surface thereotf, on a substrate;

a process ol forming a heterochromatic light-emitting
layer by coating the substrate with a heterochromatic
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light-emitting layer forming coating solution which
expresses a diflerent color from the color of the above
light-emaitting portion;

a process of forming a photoresist layer for the hetero-
chromatic light-emitting layer by coating the hetero-
chromatic light-emitting layer with a photoresist;

a process of pattern-exposing and developing the photo-
resist layer for the heterochromatic light-emitting layer,
such that only portions of the photoresist layer for the
heterochromatic light-emitting layer which the hetero-
chromatic light-emitting portion 1s to be formed, are
remained; and

a process of forming the heterochromatic light-emitting
portion, having only the photoresist layer for the het-
erochromatic light-emitting layer on a surtace thereot,
in a pattern by removing portions of the heterochro-
matic light-emitting layer which the photoresist layer
for the heterochromatic light-emitting layer 1s removed,
to provide the light-emitting portion of at least one
color having only one photoresist layer on the surface
thereol, and the heterochromatic light-emitting portion
having only the photoresist layer for the heterochro-
matic light-emitting layer on the surface thereot, on the
substrate.

2. The method for manufacturing an electroluminescent
element according to claim 1, wherein each of the light-
emitting layers 1s insoluble to a photoresist solvent, a
photoresist developer and a photoresist peeling solution, and
cach of the photoresist layers 1s insoluble to a solvent used
for forming each of the light-emitting layers.

3. The method for manufacturing an electroluminescent
clement according to claim 1, wherein each of the light-
emitting portions 1s subjected to the patterning process
together with a bufler layer and 1s formed on the bufler layer.

4. The method for manufacturing an electroluminescent
clement by photolithography according to claim 1, wherein
alter patterming each photoresist layer by coating each
light-emitting layer to be patterned with photoresist, expos-
ing, and developing, portions of each light-emitting layer, 1n
which each photoresist layer 1s removed, 1s patterned by dry
etching.

5. The method for manufacturing an electroluminescent
clement according to claim 4, wherein the type of dry
etching 1s a reactive 1on etching.

6. The method for manufacturing an electroluminescent
clement according to claim 4, wherein oxygen alone or a gas
containing oxygen 1s used in the dry etching.

7. The method for manufacturing an electroluminescent
clement according to claim 4, wherein atmospheric pressure
plasma 1s used 1n the dry etching.

8. A method for manufacturing an electroluminescent
clement by photolithography, comprising:

a process of providing a first light-emitting portion having
only a first photoresist layer on a surface thereof, on a
substrate;

a process of forming a second light-emitting layer by
coating the substrate with a second light-emitting layer
forming coating solution;

a process ol forming a second photoresist layer by coating
the second light-emitting layer with a photoresist;

a process ol pattern-exposing and then developing the
second photoresist layer, such that only portions of the
second photoresist layer which the second light-emit-
ting portion 1s to be formed, are remained;

a process ol forming the second light-emitting portion,
having only the second photoresist layer on a surface
thereol, 1n a pattern by removing portions of the second
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light-emitting layer which the second photoresist layer
1s removed, to provide the first light-emitting portion
having only the first photoresist layer on the surface
thereof, and the second light-emitting portion having
only the second photoresist layer on the surface thereof,
on the substrate;

a process ol forming a third light-emitting layer by
coating the substrate with a third light-emitting layer
forming coating solution;

a process of forming a third photoresist layer by coating
the third light-emitting layer with a photoresist;

a process ol pattern-exposing and then developing the
third photoresist layer, such that only portions of the
third photoresist layer which the third light-emitting
portion 1s to be formed, are remained;

a process of forming the third light-emitting portion,
having only the third photoresist layer on a surface
thereol, 1n a pattern by removing portions of the third
light-emitting layer which the third photoresist layer 1s
removed, to provide the first light-emitting portion
having only the first photoresist layer on the surface
thereol, the second light-emitting portion having only
the second photoresist layer on the surface thereof, and
the third light-emitting portion having only the third
photoresist layer on the surface thereof, on the sub-
strate.

9. The method for manufacturing an electroluminescent

clement according to claim 8, wherein each of the light-
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emitting layers 1s insoluble to a photoresist solvent, a
photoresist developer and a photoresist peeling solution, and
cach of the photoresist layers 1s msoluble to a solvent used
for forming each of the light-emitting layers.

10. The method for manufacturing an electroluminescent
clement according to claim 8, wherein each of the light-
emitting portions 1s subjected to the patterming process
together with a bufler layer and 1s formed on the bufler layer.

11. The method for manufacturing an electroluminescent
clement by photolithography according to claim 8, wherein
alter patterming each photoresist layer by coating each
light-emitting layer to be patterned with photoresist, expos-
ing, and developing, portions of each light-emitting layer, 1n
which each photoresist layer 1s removed, 1s patterned by dry
ctching.

12. The method for manufacturing an electroluminescent

clement according to claim 11, wherein the type of dry
etching 1s a reactive 10on etching.

13. The method for manufacturing an electroluminescent
clement according to claim 11, wherein oxygen alone or a
gas containing oxygen 1s used in the dry etching.

14. The method for manufacturing an electroluminescent
clement according to claim 11, wherein atmospheric pres-
sure plasma 1s used 1n the dry etching.
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